USAAVRADCOM-TR  81-D-27 


ADA107576 


TEST  AND  EVALUATION  OF  IMPROVED  AIRCREW 
RESTRAINT  SYSTEMS 


G.T.  Sing  ley  III 


September  1981 


OTIC 

s~  -  ri.EC  i'SERj 
\  NOV  1  3  1981 


3  1981 


r  U* 

m  c: 


Approved  for  public  release; 
distribution  unlimited. 


P  Prepared  for 

APPLIED  TECHNOLOGY  LABORATORY 

|  u.  S.  ARMY  RESEARCH  AND  TECHNOLOGY  LABORATORIES  (AVRADCOM) 
!  Fort  Eustii,  Va,  23604 


8l  H  16  003 


DISCLAIMERS 

T he  finding*  in  thl*  report  *r*  not  to  b«  conttrued  a*  an  official  Department  of  the  Army  poiition  uniat*  to 
daalgnatad  by  other  authorited  document*. 

Whan  Government  drawing*,  ipeciflcatiom,  or  other  data  am  utad  fo-  any  purpote  other  than  In  connection 
with  a  definitely  related  Government  procurement  operation,  the  Unltid  State*  Government  thereby  incur*  no 
ratponilblllty  nor  any  obligation  whattoavar;  and  the  fact  that  tha  Government  may  have  formulated,  furnhthed, 
or  in  any  way  tupplied  the  *aid  drawing*,  (pacification*,  or  other  data  it  not  to  be  regarded  by  implication  or 
otherwii*  a*  in  any  manner  I  learning  tha  holdar  or  any  other  perton  or  corporation,  or  conveying  any  right*  or 
perminion,  to  manufacture,  ute,  or  tell  any  patented  invention  that  may  in  any  way  bt  related  thereto. 

Trade  name*  cited  in  thi*  report  do  not  conttitute  an  official  endortement  or  approval  of  the  ute  of  *uch 
commercial  hardware  or  loftware. 


DISPOSITION  INSTRUCTIONS 


De*troy  thlt  report  when  no  longer  needed.  Do  not  return  It  to  the  originator. 


Unclassified 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (Whon  Dsim  Knfrod) 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

1  REPORT  NUMBER  f*.  GOVT  ACCESSION  NO 

USAAVRADCQM  TR  81  D-27  j 

3  RECIPIENT'S  CATALOG  NUMBER 

1  TITLE  (•"<*  Subtitle) 

TEST  AND  EVALUATION  OF  IMPROVED  AIRCREW 
RESTRAINT  SYSTEMS 

s  Type  or  report  s  rerioo  covereo 

6  PERFORMING  ORG.  REPORT  NUMBER 

7.  author*"*) 

G  T.  Sinyley  III 

8  CONTRACT  OR  GRANT  NUMBER**) 

9  PERFORMING  ORGANIZATION  name  ano  address 

Applied  Technology  Laboratory,  US  Army  Research  and 
Technology  Laboratories  (AVRADCOM) 

Fort  Eustis,  Virginia  23604 

10  PROGRAM  ELEMENT.  PROJECT.  TASK 
AREA  b  WORK  UNIT  NUMBERS 

6 2209 A  1  L162209AH76 

H  CONTROLLING  OFFICE  A  AM  €  AND  ADDRESS 

12  REPORT  OATE 

September  1981 

13  NUMBER  OF  PAGES 

354-  /’  .  T 

U  MONITORING  AGENCY  NAME  A  AOORE.  $(lt  dllloiofu  from  Coot-oltlng  Olflcb) 

15  SECURITY  CLASS,  (ol  Ihlo  fport) 

Unclassified 

15*  OECL  ASSI  Fl  cation  nnwgrBAOING 
SCHEDULE 

!•  DlST  RIBUTlON  STATEMENT  (ol  fhU  Riporl) 

Approved  for  public  release;  distribution  unlimited. 

17.  OlSTItiBuTlON  STATEMENT  'ol  tho  •b*|r#cf  muorod  In  Block  20,  It  dltloronl  tro<n  Ropon) 

l|.  SuPPLEMEmT  ARY  NOTES 

It  KtY  WORDS  (Cont Inu*  on  r*r#r**  «/</•  II  rocoumrv  *vid  Idontlly  by  block  ftufnbot) 

Personnel  restraint 

Crashworthiness 

Crash  injury 

Impact 

[20.  APS  TRACT  fCsoftou*  mmwm  *<dm  n  mmmry  mid  I  donJI  tj  by  block  numb**) 


US  Anny  aviation  accident  data  shows  that  a  majority  of  all  injuries  in  attack  helicopters  could 
have  been  avoided  if  these  aircraft  had  been  equipped  with  crashworthy  seat  and  restraint  sys¬ 
tems.  The  compactness  of  the  cockpit  and  the  close  proximity  of  mission  equipment  to  the 
aircrew  in  attack  and  scout  helicopters  pose  serious  crash  impact  hazards.  Although  not  desirable 
from  a  crashworthiness  standpoint,  operational  considerations  may  dictate  that  mission  equipment 
and  structure  he  located  within  the  occupant's  crash  impact  motion  envelope,  particularly  for  his 
head.  The  cockpit  cc  be  delethalized  further  when  the  improved  restraint  is  complemented  by 


Unclassified 

security  CL»ssiric*riort  or  this  pass  Dttm  7ni;,d) 


DO  ,  j^TVl  1473  tWTIO*  or  I  KOV  <1  IS  OBOLETl 


_ Unclassified _ _ _ ___ 

security  classification  of  this  rageitohh  smi  Sni»r*at 


70.  Abstract  continued 


"padding  potential  strike  surfaces  in  the  cockpit;  making  contact  surfaces  frangible;  and  providing 
weapon  system  sights  with  f Tangibility ,  telescoping,  and/or  swing-away  features  This  report 
presents  the  results  of  an  effort  to  test  and  compare  the  potential  of  several  aircrew  restraint 
systems  to  reduce  the  crash  impact  motion  envelope  of  helicopter  aircrewmen. 


_ Unclassified _ 

SCC'jUlTY  CLASSY  1C  A". ON  O  F  this  D«f* 


PREFACE 


The  work  described  in  this  report  was  the  result  of  the  participation  and  cooperation  of  individ¬ 
uals  from  several  Government  and  industrial  organizations.  Participating  contractors  were: 

•  Thiokol  Corporation,  Wasatch  Division,  Brigham  City,  Utah  -  provided  the 
Inflatable  Body  and  Head  Restraint  System  (IBAHRS)  test  specimens  under 
the  terms  of  Naval  Air  Development  Center  Contract  N  6229-77-C  0025, 
jointly  funded  by  ATL  and  NADC. 

•  Pacific  Scientific  Company,  Anaheim,  California  —  provided  the  MIL-S-58095, 
MIL-R-XXXX,  and  power  haul-back  restraint  system  test  specimens  under  the 
terms  of  ATL  Contract  DAAJ02-79-C-0006. 

•  Simula,  Inc.,  Tempe,  Arizona  —  instrumented  two  restraint  systems  for  use  in 
the  Civil  Aeromedical  Institute  testing  under  the  terms  of  ATL  Contract 
DAAJ02-79C-0016. 

Appreciation  is  extended  to  the  following  organizations  and  individuals  for  their  contributions 
to  this  effort: 

•  Federal  Aviation  Administration,  Civil  Aeromedical  Institute,  Oklahoma  City, 

Oklahoma  -  Mr.  R.  F.  Chandler  provided  guidance  in  furnishing  the  test  sled 
facility,  rigid  seat  apparatus,  and  anthropomorphic  dummy;  conducting  the  sled 
crash  impact  testing;  acquiring  and  reducing  all  test  data,  and  providing  photo 
graphic  records. 

•  Aircrew  Systems  Branch,  Naval  Air  Development  Center  (NADC),  Warminster, 
Pennsylvania  -  Mr.  J.  R.  McElhenney,  Project  Engineer,  provided  the  crash  impact 
sensor  and  test  support  for  all  IBAHRS  tests. 

•  Royal  Air  Force  Institute  of  Aviation  Medicine  (1AM),  Farnborough,  England, 

United  Kingdom  -  Squadron  Leader  D.  C.  Reader  provided  the  rotary-motion, 
single-point  attachment/release  buckle  manufactured  by  GQ  Ltd. 

•  US  Army  Natick  Research  and  Development  Command  (NARADCOM),  Natick, 
Massachusetts  -  Mr.  T.  Judge  provided  the  aircrewman  clothing,  survival  vest, 
and  armor  vest. 

•  Applied  Technology  Laboratory,  US  Army  Research  and  Technology  Laboratories 
(AVRADCOM),  Fort  Eustis,  Virginia  -  Mr.  J.  Batista  and  Mr.  M.  Slye  analyzed 
the  high  speed  motion  picture  test  coverage  and  illustrated  the  occupant  motion 
envelopes.  Mr.  Kent  Smith  of  the  Flight  Safety  Team  of  Safety  and  Survivability 
coordinated  and  prepared  this  report  for  publication  upon  the  departure  of  the 
author  from  this  laboratory. 
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INTRODUCTION 


BACKGROUND 


Accident  data  from  the  US  Army  Safety  Center  involving  4550  helicopter  occupants  during  the 
period  1971  through  1976  documents  the  frequency  and  severity  of  head  injuries.  Head  injuries 
are  the  leading  cause  of  major  and  fatal  injuries  (see  Table  1)  and  account  for  31.5  percent  of 
fatalities  in  all  helicopters  (see  Table  2).  Figure  1  summarizes  the  data  in  Tables  1  and  2. 

Current  trends  toward  cockpit  space  limitation,  pilot  night  vision  and  target  acquisition  displays, 
and  armor  panels  have  increased  the  potential  for  helicopter  crewmember  injury.  The  proximity 
of  the  crewmember  to  cockpit  structure  instruments,  controls,  sights,  and  aimor  panels  is  com¬ 
pounded  by  structural  deformation  during  the  crash  impact  sequence.  The  potent ial  for  major 
or  fatal  crash  injury  is  increased  in  helicopters  equipped  with  weapon  sight  systems  with  an 
eyepiece  that  requires  the  copilot/gunner  (CPG)  to  look  into  it.  Under  nap  of  the  earth  condi¬ 
tions,  the  CPG  viewing  through  the  sight  eyepiece  can  expect  little  warning  of  any  impending 
crash  impact  and  a  high  likelihood  of  serious  head/neck  injury.  The  Army's  "Crash  Survival 
Design  Guide"  published  in  1971 1  shows  that  the  head  of  a  crewmember  restrained  by  a  con¬ 
ventional  aircrew  restraint  system  (lap  belt  plus  double  strap  shoulder  harness)  will  displace 
approximately  10  inches  forward  during  a  forward  crash  pulse  as  little  as  4g  (see  Figure  2). 

The  proximity  of  the  uptight  crewmember's  head  to  cockpit  conti ols/sights/instruments  (typical¬ 
ly  15  inches  or  less),  forward  displacement  of  the  occupant  with  respect  to  the  seat  in  mild 
accidents,  forward  displacement  of  the  seat,  and  cockpit  structural  deformation  combine  to  pose 
a  formidable  challenge  to  the  aiicraft  designer's  attempts  to  provide  the  required  level  of  crash- 
worthiness. 

MIL  STD  1290:  ;s  the  Army's  standard  for  the  design  and  qualification  of  new  light  fixed  and 
rotary  wing  aircraft  crashworthiness.  This  standard  requires  that  fatalities  be  prevented  and  in 
juries  minimized  in  accidents  as  severe  as  the  95th  percentile  potentially  survivable  accident 
illustrated  in  Figure  3.  The  95th  percentile  potentially  survivable  longitudinal  velocity  change 
of  50  feet  per  second  can  cause  the  seat  occupant  to  experience  peak  longitudinal  decelerations 
of  30g  or  higher.  The  latest  edition  of  the  "Aircraft  Crash  Survival  Design  Guide'',  presents 
analytical  techniques,  concepts,  and  design  test  criteria  for  satisfying  MIL-STD-129U;  it  includes 
seat,  restraint  system,  protective  padding,  cockpit  controls,  and  equipment  considerations. 


'Turnbow,  J.  W.,  et  al,  Crush  Survival  Design  (iniilc,  Dynamic  Science,  The  AvSer  Facility, 
USAAMRDL  TR  71  22,  Eustis  Directorate,  US  Army  Air  Mobility  Research  and  Develop¬ 
ment  Laboratory,  Fort  Eustis,  Virginia,  October  1971,  AD  733358. 

- Militar y  Standard  MIL  STD-1290  (AV),  light  Fixed-  ami  Roturv-U’ing  Aircraft  Crashworthiness, 
Department  of  Defense,  Washington,  DC,  25  January  1974. 

3  Aircraft  Crash  Survival  Design  ( htnle ,  Simula  Inc.,  USARTL  TR  79  22  A-E,  Applied  Technology 
Laboratory,  US  Army  Research  and  Technology  Laboratories  (AVRADCOM),  Fort  Eustis,  Virginia 
Volume  I  -  Design  Criteria  and  Checklists,  December  1980,  AD  A093784. 

Volume  II  —  \trcralt  Crash  Ian  in ntnu  ii t  ami  Human  Tolerance,  January  1980, 

AD  A082512. 

Volume  III  —  Aircraft  Structural  Crashworthiness,  August  1980,  AD  A089104. 

Volume  IV  -  Aircraft  Seals,  Restraints  litters,  ami  /‘adding,  June  1980,  AD  AQ88441. 
Volume  V  -  Aircraf  t  I’osh  rash  Survival,  January  1980,  AD  A082513. 
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PROGRAM  OBJECTIVE 


Although  crewmember  strike  hazards  can  be  reduced  by  methods  such  as  removing  the  contact 
surface  from  the  strike  envelope  or  using  frangible  structure/sights/controls,  telescoping  or  collaps¬ 
ing  sights  and  controls,  air  bags,  or  padding,  there  are  several  restraint  stystem  options  available 
that  offer  improved  restraint  and  strike  envelope  reduction.  These  include  inertia  reel  systems  as 
well  as  an  inflatable  body  and  head  restraint  system  (IBAHRS).  Aircraft  designers  and  program 
managers  lacked  data  detailing  the  relative  crashworthiness  benefits  of  these  available  restraint 
systems,  however.  For  this  reason  a  program  was  conducted  to  compare  by  dynamic  crash 
impact  testing  the  potential  of  seven  types  of  restraint  systems  to  reduce  the  probability  of 
injury  to  helicopter  crewmembers  resulting  from  striking  the  cockpit  interior  and/or  controls. 


TECHNICAL  APPROACH 


The  abilities  of  the  seven  candidate  restraint  systems  to  limit  occupant  motion  during  typical 
helicopter  crash  pulses  were  compared  by  subjecting  an  anthropomorphic  dummy  in  a  stiff, 
nonstroking  seat  to  a  series  of  crash  input  pulses  using  a  horizontal  sled  impact  facility.  The 
testing  was  designed  to  investigate  the  effect  that  the  following  key  variables  had  on  the  occu¬ 
pant  strike  envelope:  crash  pulse  peak  deceleration,  rise  time,  and  velocity  change;  anthropo 
morphic  dummy  clothing  and  equipment;  restraint  system  concept;  and  seat  orientation. 
Accelerometer,  load  cell,  and  high  speed  photographic  data  were  analyzed  to  compare  the  per¬ 
formance  of  the  systems. 
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TABLE:  1.  MAJOR  and  fatal  injuries  as  percentages  Of  TOTAL 
tus  AHM>  AIRCRAFT,  1971-19761  (FROM  REFERENCE  3) 


Percentage  of  Injuries  dotal  Injuries  in  Parentheses) 


Helicopter 


Body  Pan 

UH 

(6781 

OH 

(271) 

CH 

(70) 

AH 

(93) 

AH 

(1114) 

FW 

(104) 

AH  Aircraft 
(12181 

Head 

19  6 

18  5 

22  9 

21.5 

19  7 

19  2 

196 

Face 

9.1 

92 

too 

11.8 

9.4 

14  4 

09 

Neck 

2.5 

3.0 

1  4 

3.2 

2.6 

00 

2.4 

Upper  Extremity 

10.9 

12.9 

17.1 

15.1 

12  1 

11.5 

12.1 

Thorax 

13  7 

12.2 

7  1 

8  6 

125 

19  2 

13.0 

Abdomen 

7  8 

5  9 

too 

3  2 

7  1 

58 

7  0 

Pelvs 

7  8 

26 

0  0 

1  1 

3  0 

1  9 

2  8 

Vertebrae 

15.3 

19  2 

B  6 

21.5 

16  6 

12  9 

16.2 

Lower  Exnemiiy 

17.1 

166 

22  9 

14  0 

17  1 

15  4 

IF.  0 

Legend  UH  -  Utility  Helicopter 

OH  Observation  Helicooter 
CH  •  Cargo  Helicopter 
AH  •  Attack  Helicopter 
FW  -  Fixed-Wing  Aircrofl 


TABLE  2  FA1AL  mmjuRiES  AS  PERCENTAGES  OF  TOTAL  UJS  ARMY 
AIRCRAFT.  1971-19761  (FROM  REFERENCE  31 


Percentage  o*  Injuncs  (Total  Injuries  in  Parentheses) 
_  Helicopters _ 


8ooy  Pari 

UH 

(262) 

OH 

(75) 

CH 

(34) 

AH 

(32) 

All 

(403) 

FW 

153) 

Aii  Aitcrati 
(456) 

Head 

324 

25  3 

35  3 

34.4 

31.5 

30.2 

314 

Face 

4.6 

4  0 

8.8 

6.3 

5.0 

6.7 

6  0 

Neck 

1.9 

6  7 

0  0 

3.1 

2.7 

00 

2  4 

Upper  Extremity 

7  3 

6.7 

8  8 

12  5 

7.7 

5  7 

74 

Thorax 

23.3 

22  7 

88 

18  8 

21  6 

28.3 

224 

Abdomen 

118 

■  20 

14.7 

6  3 

11.7 

9.4 

U  4 

Pelvis 

0.8 

2.7 

00 

0.0 

10 

OO 

0  9 

Vertebrae 

7.3 

6.7 

59 

0.0 

6.5 

9.4 

6  8 

Lower  Extremity 

10.7 

13.3 

17  6 

18  8 

12  4 

11.3 

l2  3 

Legend  UH  Utility  Helicopter 

OH  -  Observation  Helicopter 
CH  -  Cargo  Helicopter 
AH  Attach  Helicopter 
FW  •  Fixed-Wing  Aircraft 
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Figure  1.  Frequency  of  injuries  to  body  parts  in  US  Army  aircraft 
accidents,  1971  1976  (from  Reference  3). 
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Figure  2,  Double  shoulder  harness  with  lap  belt  restraint  extremity 
strike  envelope  -  side  view  (from  Reference  1). 
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TEST  SPECIMENS 


Seven  types  of  pilot/copilot  restraint  systems  were  crash  impact  tested  and  evaluated: 

Type  1  -  MIL-S-580954  restraint  system  (see  Figure  4)  with  MIL-R-8236CS  inertia  reel. 

Type  2  -  Type  1  with  a  single-strap  power  haul-back  (PH8)  reel  instead  of  an  inertia 
reel  (see  Figure  5). 

Type  3  -  Reflected  strap  shoulder  harness  restraint  of  the  type  proposed  in  USAAMRDL 
TR  75-2, 6  defined  in  the  draft  specification  MIL  R-XXXX,7  and  shown  in 
Figure  6. 

Type  4  —  Type  3  except  with  a  dual-strap  PHB  reel  in  lieu  of  the  two  inertia  reels 
(see  Figure  7). 

Type  5  —  Experimental  prototype  inflatable  body  and  head  restraint  system  (IBAHRS) 
shown  in  Figures  8  and  9. 

Type  6  —  Type  5  except  with  a  Type  3  restraint  serving  as  the  host  restraint  for  the 
shoulder  strap  air  hags  (see  Figure  10). 

Type  7  —  Type  1  except  the  single  point  attachment/release  buckle  was  replaced  with 
a  rotary  motion  buckle  (see  Figure  11). 

Webbing  characteristics  for  all  of  the  above  restraint  systems  except  Type  5  are  presented  in 
Table  3.  The  Type  5  host  restraint  system  consisted  of  a  MS1609-18  shoulder  harness,  Y-type, 
and  a  MS22033-49  aircraft  safety  lap  belt. 


4 Military  Specification  MIL-S-58095,  Seat  System,  Crashworthy,  Nonejection,  Aircrew,  General 
Specification  For,  Department  of  Defense,  Washington,  DC,  August  1971. 

5  Military  Specification  MIL-R-8236C,  Reel,  Shoulder  Harness ,  Inertia  Lock,  Department  of 
Defense,  Washington,  DC,  19  December  1975. 

'’Carr,  R.  W.,  and  Desjardins,  S.  P.,  Aircrew  Restraint  System  -  Design  Criteria  Evaluation, 
Ultrasystems,  Inc.,  USAAMRDL  TR  75-2,  Eustis  Directorate,  US  Army  Air  Mobility  Re¬ 
search  and  Development  Laboratory,  Fort  Eustis,  Virginis,  February  1975,  AD  A009059. 

’Proposed  Draft  Military  Specification  MIL-R-XXXX  (AV),  Restraint  System.  Aircrew,  Applied 
Technology  Laboratory,  US  Army  Research  a  -o  'echnology  Laboratories  (AVRADCOM),  Fort 
Eustis,  Virginia,  September  1974, 

8  Military  Specification  MS1609-1,  Shoulder  Harness,  Y-Type,  Department  of  Defense, 
Washington,  DC. 

9 Military  Specification  MS22033-4,  Aircraft  Safety  Lap  Belt,  Department  of  Defense, 
Washington,  DC. 
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^  C  A  Mi 

a.  IBAHRS.  *>  Pretest. 


c.  Posttest. 

Figure  9.  Type  5  restraint  system  IBAHRS. 
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TABLE  3.  WEBBING  CHARACTERISTICS  OF  RESTRAINT  SYSTEMS  (except  Type  61 


T«stt  (At  Applicable) 

Revults 

Specification  Requirement* 

Width,  In. 

2-1/4 

2-1/4  t  1/16 

Thickness,  1/1000  in.  untreated 

0.057 

0.065  ±  0.010 

Weave 

Patted 

Par  tpeclflcatlon 

Yarn 

Count  or 
denier 

Ply 

Turns  per 

in. 

Face  and  back  warp 

840 

2 

2.6 

318 

318 

Binder  warp  1.0. 

840 

1 

2.6 

4 

4 

Filling  picks/in. 

1000 

2 

2.6 

23 

23 

Breaking  strength,  original 

8880 

5000  min 

Elongation,  %  at  4000  lb 

7.5 

7.6-10.0 

Color  fastness  to  light 

Good 

Good 

Crocking  -  dry 

8.5 

8.6  min 

Crocking  —  wet 

8.5 

8  5  min 

Horizontal  burn  rate.  in. /min 

0.6 

2.5  max 

Pacific  Scientific  Company  provided  all  the  restraint  systems  except  the  following.  Thiokol  Cor¬ 
poration  provided  the  Type  5  restraint  system  and  added  the  inflatable  feature  to  the  Type  3 
restraint  to  create  the  Type  6  restraint;  the  Royal  Air  Force  Institute  of  Aviation  Medicine  pro¬ 
vided  the  Type  7  buckle  that  was  manufactured  by  GQ  Ltd.  of  the  United  Kingdom. 

The  Type  1  restraint  is  the  minimum  acceptable  required  by  MIL-S-58095  for  US  Army 
forward  facing  crewmembers.  Type  3  provides  improved  lateral  restraint  due  to  the  reflected 
shoulder  straps.  Types  2  and  4  were  tested  to  evaluate  the  potential  for  reducing  the  strike 
envelope  by  manually  activating  a  ballistic  PHB  reel.  Automatic  retraction  of  the  crewmember 
by  a  PHB  reel  activated  by  crash  sensor  was  rejected.  These  PHB  reels  were  designed  for  pre 
positioning  ejection  seat  crewmembers  and  have  a  retraction  time  of  0.3-0.4  second,  con¬ 
siderably  more  than  the  0.06-second  retraction  time  required  if  the  PHB  reel  is  to  be  effective 
in  most  crashes.  An  investigation  by  the  US  Army  Aeromedical  Research  Laboratory  showed 
that  to  reduce  this  retraction  time,  the  torso  retraction  velocity  would  have  to  significantly 
exceed  the  current  9-foot-per-second  limit  established  by  human  tolerance  considerations.  The 
PHB  reel's  potential  for  this  application  is  that  it  will  be  a  manually  activated  tightening 
device  for  tha  CPG  in  a  head-up  position  and  will  offer  little  benefit  when  the  crewmember  is 
in  the  head  down  mode  viewing  through  a  sight. 

The  use  of  an  air  bag(s)  for  the  CPG  station  has  potential;  however,  air  bags  deflate  immediately 
after  inflation,  thereby  being  effective  for  a  single  pulse.  Also,  their  application  in  the  cockpit 
would  require  considerable  research  and  development.  The  IBAHRS  of  Figure  9,  however,  has 
more  near-term  potential.  Based  on  automotive  air  bag  technology,  the  IBAHRS  is  being 
jointly  developed  by  the  US  Naval  Air  Development  Center  and  the  US  Army's  Applied  Tech¬ 
nology  Laboratory.  It  provides  increased  crash  protection  when  the  air  bag  sewn  on  the  under¬ 
side  of  the  shoulder  strap  by  the  crash  impact  sensor  is  inflated,  thereby  forcing  the  occupant 
against  the  seat  back  and  reducing  strike  envelope,  dynamic  overshoot,  concentration  of  strap 
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load  on  the  body,  and  rotation  and  whiplash-induced  trauma.  Also,  if  the  IBAHRS  air  bags 
malfunction,  the  crewmember  still  has  the  protection  of  the  basic  (or  host)  restraint  system. 
One  inflator  is  sewn  into  each  bag  and  is  wired  to  the  crash  impact  sensor  mounted  to  either 
the  seat  or  the  floor.  The  inflator  is  shown  in  Figure  12.  The  development  of  the  IBAHRS 
concept  is  documented  in  Reference  10. 


SIZE:  2.5X  1.875  X  0.875  IN. 
WEIGHT  (LOADED):  6  02 


Figure  12.  IBAHRS  inflator. 


l0Schulman,  M.,  and  McElhenney,  J.,  Inflatable  Body  and  Head  Restraint,  NADC-77176-40, 
Naval  Air  Development  Center,  Naval  Air  Systems  Command,  Washington,  DC,  September 
1977. 
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CRASH  IMPACT  SLED  TESTING 


l 


PROCEDURE 

Thirty  three  crash  impact  sled  tests  were  performed  on  the  candidate  restraint  systems  at  the 
Federal  Aviation  Administration's  Civil  Aeromedical  Institute  (CAMI),  An  Alderson  Model 
VIP-95  95th  percentile  adult  male  anthropomorphic  dummy  was  used  for  each  test.  Dummy 
clothing  and  equipment  for  all  tests  except  numbers  27  and  34  of  Table  4  included  an  APH-5 
flight  helmet,  a  flight  suit,  and  boots.  Tests  27  and  34  were  performed  with  the  addition  of 
an  armored  vest.  The  rigid  test  seat,  floor,  and  rudder  pedal  geometry  is  shown  in  F  inure  13. 
This  geometry  and  the  seat  pan  and  back  cushions  are  representative  of  an  attack  helicopter. 
Test  impact  conditions  are  given  in  Table  4. 


Data  were  obtained  from  accelerometers,  webbing  load  cells,  high-speed  motion  pictures,  still 
photographs,  and  observation.  Triaxial  accelerometers  were  mounted  on  the  head,  chest,  pelvis, 
and  seat  pan  bottom  surface.  Accelerometers  were  also  mounted  along  the  longitudinal  axis  of 
the  sled,  and  foot  rest  reaction  loads  were  recorded.  Prior  to  each  test  the  dummy  was 
positioned  in  the  upright,  design  eye  reference  position.  The  dummy  position  and  strap  length 
were  measured  to  ensure  the  same  body  position  and  restraint  system  slack  prior  to  each  test. 


Figure  13.  Pretest  geometry. 
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TABLE  4  AT  L/C  AMI  /N  ADC  RESTRAINT  SYSTEM  TEST 


RESULTS 


Accelerometer  and  strap  load  cell  data  for  selected  tests  are  compared  in  Tables  5,  6,  and  7  for 
the  50th,  85th,  and  95th  percentile  potentially  survivable  impacts  respectively.  The  significant 
reduction  in  occupant  loading  by  the  IBAHRS  reported  in  Reference  10  and  illustrated  in 
Figures  14  and  15  was  not  noted  in  these  tests  and  may  be  attributable  to  the  snug  fit  of  the 
restraint  system  used  for  the  tests. 

The  main  benefit  of  the  IBAHRS  demonstrated  during  these  tests  was  the  reduction  in  occupant 
upper  torso,  head,  and  neck  motion  compared  to  the  other  restraint  systems  (see  Figures  16,  17, 
and  18).  Although  the  occupant  head  strike  envelope  was  only  slightly  better  with  the  IBAHRS 
than  with  the  Ml  L-R-XXXX/PHB  restraint,  the  IBAHRS  has  tf.'-  major  advantage  of  being  crash 
sensor  activated.  At  the  95th  percentile  pulse  level  the  difference  in  head  strike  envelopes  of 
the  different  restraint  systems  was  less  than  at  the  lower  impact  levels.  The  Type  7  restraint 
withstood  the  95th  percentile  survivable  pulse  with  the  seat  yawed  30  degrees  (see  test  047  of 
Table  4). 

Malfunctions  were  experienced  with  some  of  the  restraint  system  components.  The  rotary  mo¬ 
tion  attachment/release  buckle  failed  in  a  "cam-out"  mode  when  subjected  to  the  95th  percentile 
potentially  survivable  pulse  when  the  seat  was  oriented  with  a  30-degree  yaw.  This  buckle  design 
had  been  qualified  to  MIL-S-58095  in  production  crashworthy  armored  crew  seat  static  and 
dynamic  tests  and  successfully  withstood  the  0-degree  yaw  testing.  A  typical  failure  is  shown 
in  Figure  19.  The  "cam-out"  occurred  in  the  30-degree  yaw  tests  because  the  fitting  with  a 
rectangular  hole  rotated  both  in  and  out  of  the  plane  of  the  buckle,  creating  a  point  load  on 
the  buckle  dog  which  precipitated  in  local  plastic  deformation  of  the  dog  and  fitting,  permitting 
the  lap  belt  fitting  to  slip  up  and  over  the  dog.  This  was  corrected  by  rounding  the  dog  and 
fitting  contact  edge  to  allow  rotation  of  the  fitting  in  the  plane  of  the  buckle  (see  Figure  20). 


Another  problem  experienced  was  the  asymmetric  deployment  of  the  IBAHRS  air  bags  shown 
in  Figure  21.  Although  both  bags  inflated  quickly,  for  the  tests  with  the  restraint  worn  with 
negligible  slack,  one  of  the  bags  inflated  outboard  of  the  strap  instead  of  beneath  the  chin. 

In  test  057  the  IBAHRS  was  adjusted  to  allow  for  more  slack,  and  both  bags  deployed 
correctly. 

Complete  time  history  plots  of  load  ceil  and  accelerometer  data  acquired  for  each  test  are  pre 
sented  in  Appendix  A.  Dummy  strike  envelope  plots  are  presented  in  Appendix  B  for  all  tests 
except  -025,  -038.  and  054. 
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TABLE  5.  AT  L/C  AM  I /N  ADC  RESTRAINT  SYSTEM  TFST  RESULTS 


Restraint  System 


Test 

MILSS8095, 

Test  -022 

MIL-R-XXXX/PHB, 

Test  -031 

IBAHRS,’ 
Test  -056 

Input  pulse: 

W;A« 

93 

.91 

.74 

Sled  G, 

S.8 

5.5 

6.1 

Seat  pan  Gx 

5  8 

5.7 

6.0 

Pelvii: 

Gx 

5.5 

5  8 

7.5 

G* 

-2.0 

-2.2 

0 

Chest 

Gx 

7.0 

5.0 

8.3 

Gj 

1.5 

0 

3.4 

Head: 

G«1 

8.3 

7.0 

7.5 

Gjl 

7.7 

5.5 

5.0 

G»2 

-10.0 

-11.5 

-13.0 

gi2 

0 

-1.3 

-2.5 

Straps 

PRS 

300 

90 

330 

pLS 

330 

160 

300 

PHL 

180 

250 

300 

PLL 

210 

180 

280 

‘Bags  sewn 

Legend  Gx  •  peak  longitudinal  deceleration,  g 

G* i  =  first  peak  longitudinal  deceleration,  g 
Gx2  =  Second  peak  longitudinal  deceleration,  g 

Gz  *  peak  vertical  deceleration,  g 

Gji  =  first  peak  vertical  deceleration,  q 
G/2  =  second  peak  vertical  deceleration,  g 

PLS  -  left  shoulder  strap  peak  load,  lb 

PRS  3  right  shoulder  strap  peak  load,  lb 
PLL  a  left  lap  belt  strap  peak  load,  lb 
PRL  =  ,aP  belt  strap  PC9k  lot  «  lb 
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TABLE  6.  ATL/CAMI/NADC  RESTRAINT  SYSTEM  TEST  RESULTS 


85TH  PERCENTILE  SURVIVABLE  PULSE 
CtJ  *  39  fps  GpK  -  16g  Yaw  -  0° 
VIP-95  Dummy  227  lb 


Restraint  System 


Teit 

MIL-S-5B095, 

Test  -023 

MIL-R-XXXX/PHB 

Test  -032 

MIL-R-XXXX/PHB, 

Test  -033 

IBAHRS,* 

Test  ■057  - 

IBAHRS,*  * 

Test -053 - 

MIL-R-XXXX  /IBARS,** 

— - Test  -056 

Input  pulre: 
Sled 

Gx 

15.0 

14.2 

14.3 

14.7 

14.2 

14.4 

Seat  pan 

15.1 

14.3 

14.9 

14.9 

14  3 

14  6 

Pelvis: 

Gx 

20.0 

17.0 

19.3 

20.0 

13  9 

15  5 

G? 

-8.7 

-9.2 

-8.9 

-12.2 

-7.1 

-6.1 

Cheat 

Gx 

17.0 

15.5 

16.2 

17.5 

15.4 

15.4 

g2 

6.7 

-8.2 

-3.8 

-3.9 

-3  0 

-3.9 

Head: 

GX1 

19.3 

22.6 

17.3 

19.6 

13.9 

16.4 

G*1 

73.2 

16.5 

20.4 

16.5 

15.4 

17.3 

gx2 

-41.8 

-22.5 

-20.4 

-81.0 

-58.3 

-60.2 

G22 

15.6 

7.0 

3.8 

22.0 

17.3 

17.3 

Strap*: 

PRS 

1076 

330 

412 

950 

937 

Lost 

PLS 

847 

628 

678 

68C 

508 

Lott 

pRL 

692 

649 

821 

1090 

697 

879 

PLL 

761 

Lost 

817 

1170 

678 

854 

PL  Loop 

1459 

Lott 

1625 

2277 

1354 

1723 

PS  Sum 

1859 

943 

843 

1037 

1662 

Lost 

"Slack  with  begs  stowed 


"Bag*  sewn 

Legend  Gx 

peak  longitudinal  deceleration,  g 

Gx  1 

- 

first  peak  longitudinal  deceleration,  g 

gm2 

= 

second  peak  longitudinal  deceleration,  g 

Gj 

« 

peak  vertical  deceleration,  g 

G*1 

- 

first  peak  vertical  deceleration,  g 

Gj2 

second  peak  vertical  deceleration,  g 

pLS 

- 

left  shoulder  strap  peak  load,  lb 

pRS 

- 

right  shoulder  strap  peak  load,  lb 

-J 

_l 

CL 

- 

left  lap  belt  strap  peak  load,  lb 

PRL 

- 

right  lap  bell  strap  peak  load,  lb 
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TABLE  7-  ATL/CAMI/NAOC  RESTRAINT  SYSTEM  TEST  RESULTS 


96TH  PEHCENTILE  SURVIVABLE  PULSE 
AV  •  60  fp«  Gpn  •  30g  Yew  ■  0° 
VIP-96  Dummy _  227  lb 


Rtftrtlnt  Syitem 


Tati 

Ml  L-S- 58095, 

Tait  -024 

MIL-S-58095/rHB, 

Teit  -029 

MtLR-XXXX 

Teit  -035 

MIL-R-XXXX/PHB 

Teit  -030 

I6AHRS,* 

Teit  -061 

IBAHRS 

Tut  -062 

Input  pulie: 

Sled  Gx 

27.5 

29.2 

29.7 

29.8 

29.0 

28.2 

Seat  pen  Gx 

28.0 

29.4 

30.0 

30.0 

28.6 

Lolt 

Pelvil:  Gx 

46.8 

48.3 

458 

44.5 

63.0 

60.0 

Gz 

-30.0 

-31.8 

-34.8 

Lolt 

-30.0 

-31.2 

Chen  Gx 

40.3 

39.5 

43,0 

42.8 

37.8 

42.3 

G* 

16.4 

14.0 

-12.1 

-20.0 

-8.9 

9.8 

Head:  Gxi 

44.8 

43.8 

32.0 

32.6 

31.8 

29.0 

G*1 

45.8 

46.6 

40.6 

48.0 

48.1 

60.6 

G»2 

-76.3 

-112  6 

-24.8 

-83.3 

•  107.7 

-104.2 

gi2 

28.3 

44.6 

12.0 

33.8 

43.2 

39.0 

Strap!  PRS 

1660 

1816 

846 

900 

2168 

1866 

PLS 

1450 

1628 

733 

888 

1407 

1306 

PRL 

2190 

2302 

2286 

2338 

2783 

2076 

PLL 

2140 

2093 

2169 

2093 

2711 

2031 

PL  Loop 

4312 

4438 

4486 

4403 

6498 

4068 

PS  Sum 

2880 

3188 

1426 

1748 

3611 

3176 

*Bege  prcpoiitioned  an d  lawn 


Legand  G„ 

peak  longitudinal  deceleration,  j 

Gxi 

M 

firit  peak  longitudinal  deceleration,  g 

gx2 

m 

lecond  peak  longitudmel  deceleration,  g 

c* 

• 

peek  verticil  daceleration,  g 

Gz  1 

firit  peak  vertical  deceleration,  g 

0*2 

Mcond  peek  vertical  docelerstion,  g 

PLS 

left  thoulder  etrep  peak  load,  ib 

PRS 

“ 

right  ihoulder  Itrep  peak  load,  Ib 

pLL 

- 

lab  lap  belt  itrap  peak  load,  Ib 

pRL 

- 

right  lap  belt  (trap  peak  load,  Ib 
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Figure  14.  Uninflated  versus  preinflated  restraint  with 
2-inch  shoulder  and  1-inch  lap  belt  slack 
at  1  Sg. 


LEGEND:  A 

LAP 

r  ur  mi  sues 

2-1 

O 

SHOULDER 

SHOULD!!  SUSP  SUCK 

Figure  15.  Reduction  of  restraint  loads  with  inflation 
for  three  slack  conditions. 
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Figure  16.  CPC  strike  envelope  comparison  (50th  percentile  survivable  pulse). 
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Figure  17.  CPG  strike  envelope  comparison  (85th  percentile  survive'oie  pulse). 
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Figure  19.  Buckle  failure 


Rectangular  dog 
and  fitting 


Rounded  dog 
and  fitting 


Original  lap  belt 
design 


Improved  lap  belt 
fitting  and  buckle 
design 


a.  Buckle  engaged. 


b.  Buckle  unengaged. 


Figure  20.  Buckle  modification. 


F:gure  21.  IBAHRS  asymmetric  deployment. 
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CONCLUSIONS  AND  RECOMMENDATIONS 


Both  the  1BAHRS  and  PHB  reel  features  will  decrease  the  occupant  head  motion  envelope  in 
crash  impacts  as  severe  as  the  95th  percentile  potentially  survivable  helicopter  accident  pulse; 
however,  because  it  is  crash  sensor  activated,  the  IBAHRS  is  preferable.  This  level  of  protection 
is  based  on  a  rigid  seat  such  as  the  one  used  in  these  tests.  Seat  forward  displacement  during  a 
crash  characteristic  of  crash  force  attenuating  seats  which  stroke  in  the  forward  direction  will 
compromise  the  potential  protection  of  any  restraint  system. 

The  Army  and  Navy  are  continuing  the  development  of  the  IBAHRS  for  potential  application 
to  attack  and  scout  helicopters.  Notwithstanding  the  benefits  of  the  IBAHRS,  future  combat 
helicopters  should  be  designed  to  remove  the  occupant  strike  hazard  where  operational  considera¬ 
tions  permit.  In  addition,  any  sights  and/or  cyclic  sticks  which  must  remain  within  the  crew¬ 
member's  strike  envelope  should  be  collapsible,  crushable,  or  telescoping.  The  detailed  cockpit 
delethalization  design  criteria  of  Volume  IV  of  the  "Aircraft  Crash  Survival  Design  Guide”3 
should  be  followed. 
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